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ABSTRACT 



The observed small value of the first moment of the polarized nucleon spin structure function g\ 
may be interpreted, in the Veneziano-Shore approach, as a suppression of the first moment x'(0) 
of the QCD topological susceptibility. I give an extension of the Witten-Veneziano argument 
for the C^(l) problem, which yields the 0(1/A^) correction to the N = oo relation x'(0)/Fg^ = 1 
(where Fq is the 1]' axial vector coupling). The correction, although negative, seems too small 
to account for the data. 1 further argue that the {i],!]') 77 and J/ip ^ {ri,ri')'y decays 
indicate an enhancement rather than a suppression of Fq. A substantial gluon-like contribution 
in (0|c?'^j^g''|77)|q2=05 which could parallel a similar one in the corresponding nucleon matrix 
element, is suggested. 
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1 Introduction 



The experimental discovery of a substantial suppression of the first moment rj^'"^ of the polar- 
ized nucleon structure function with respect to the "naive" (Ellis- Jaffe) OZI limit prediction 
m has spurred a lot of theoretical interest (for reviews, see Refs. 0, [§]) in recent years. 
Specifically, consider the full QCD expression for r^^^'"^ (in the MS scheme with Nf = 3): 
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where = ctsiQ) and G^^ are zero-momentum transfer form factors in the proton matrix 
element of the axial vector currents: {p\jjj;}\p) = G^VtajTsP + • • •• I stress that the radiative 
corrections in Eq. (|1]) imply that the scale independent, renormalization group-invariant singlet 

axial vector current jj^^^inv has been used to define G^^^^^^^. It is obtained from the current jj^^i/J.) 
renormalized in the standard way at scale /i in the MS scheme by factorizing out the anomalous 
dimension factor generated by the U{1) anomaly: 
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The crucial feature of Eq. (0) is that j^y(yu) has a "parton model" (/i — > oo, a;s(yu) 0) limit, 
owing to the special feature that the anomalous dimension starts only at 0(af). It follows that 
^AMv (also denoted as ASj„^ or ASqo [0) is a physical, fi — independent constant, which 
stands on the same footing as and G^^\ and that the whole physical dependence is 
entirely contained in the (renormalization group-invariant) series in as{Q) in Eq. (That 
^A^inv is a physical parameter should be clear from the observation that, at = oo, Eq. 
(I) gives the parton-model-like sum rule: r'f'''\Q^ = oo) = |(±g3^ + ^Gf) + IgJ'.L)- 
Experimentally, one finds 0] G^^\^^ ^ 0.25 (where I have taken into account the radiative 

corrections), to be compared with the Ellis- Jaffe value G^^^q^^ ~ 0.58, i.e. G^^^^^^^/G^2\ozi — 
0.43, roughly a factor of 2. 

An interesting proposal to understand this suppression has been put forward in Ref. 0, 
where it has been suggested that it may be a (target-independent) effect related to the first 
moment of the QCD topological susceptibility x(?^)) namely (for three flavours): 
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where = 93 MeV, 



X{q') = J d'x e"^-%Q\T* (g.n.(x)g.n.(O)) |0) (4) 
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and Qinv{x) is the anomalous divergence of the singlet axial vector current: 



d'jZnv = ^^FF ^ 6g_ . (5) 
The basic physical assumption behind Eq. (13) is that large Zweig rule violations in G^i„i, are 



to be found mainly in the yx'(O) factor, which embodies the typical qq 2-gluons annihilation 
diagrams, which are supposed to most strongly violate the Zweig rule. In this note, I examine 
new ways to test this assumption. In the next section, I first derive an extension of the Witten- 
Veneziano argument for the solution of the U{1) problem, which determines the 0{1/N) 

correction to the relation \fx^Jo) / Fq] jy^^ = 1, where Fq is the physical, RG — invariant r]' 
singlet axial vector coupling to j^j^).^^ (in the chiral limit). Although the resulting correction 



tends indeed to suppress yx'i^) with respect to Fq, it still appears to be a small perturbation 
on the N = oo result; it is thus likely to be insufficient to account for the observed suppression, 
at least as long as the nonet symmetry relation [Fq/ Fs)\N=ao — 1 remains approximately valid 
at = 3 (the normalization is such that Fg ^ F^^/ -\/6)- Therefore, assuming ^Jx^J^/Fq — 1 the 
remaining possibility is that there is a large suppression of Fq/ F^ itself at finite A^. I examine 
whether this assumption is phenomenologically viable in Section 3, where I point out that 
even a moderate suppression of Fq would lead to severe difficulties with the current standard 
model 1^ for J /ip ^ {t], t]')'j decays, given the large t] — i]' mixing angle, which follows from an 
analysis of the octet electromagnetic (e.m.) sum rule for the (?7, //') —>■ 77 decays (too strong 
a suppression of Fq is not favoured either by the singlet e.m. sum rule). In Section 4, I note 
that the observed smallness of G^^\^^ might indicate a substantial glueball-like contribution to 
^aL?)' which should then cancel against that of the t]', assuming the latter to be of typical 



G 



(0) 



OZI 



size if Fq is not suppressed (and could thus be identified to the quark spin piece 



11||) of the nucleon in the chiral limit). I then draw a parallel with the occurrence of a sizeable 
violation of the r] — rj' saturation hypothesis in the (0|(9^j^°)^^^ I77) |q2=o matrix element. 



2 x'(0) at large N 

Consider the dispersion relation: 

where two subtractions are needed, since x{q'^)> which is of dimension 4, is O(g^) at large g^. 
In the quarkless Yang-Mills theory, one can thus write (symbolically): 

F"^ 

XYM{q^)= AvM + BYMq^ + ^^^—^ + ... (7) 

Mq — q^ 

where Fq and Mq are the coupling and mass of the lowest-lying glueball state, and the dots 
stand for more massive glueballs as well as continuum contributions, whereas in the presence 
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of quarks, splitting out the rj' contribution: 
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where uiq is the rj' mass in the chiral hmit, and the subtraction constants {Aymi Bym), {A, B) 
(which are not reducible to the glueballs contribution) have been introduced. Taking the 
N oo limit in Eq. (^) at fixed 7^ 0, one then expects (since quark loops are subleading 
and decouple) x{q'^ 
if one assumes 



rrin 



XYKiiq^)- Indeed, the r]' contribution drops out, given that Fq = 0{N), 
0{1/N), whereas the quantity within brackets in Eq. (|^) approaches 



XYM{q'^)\N=oo, i-e., A Aym \n=oo, B Bym \n=oo_ 
implication for 'x'{q^) is obtained by expanding Eq. 



(and glueballs 
around = 0: 



glueballs|7v=oo)- The 



x{q^ 
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= F^ml + {A + F^Ml + . 
= x(0)+gV(0)+O(g^) . 

The basic QCD constraint (for massless quarks) x(0) = then gives: 

xiO) = F^ml+ iA + F^Ml + ...) = . 
Letting — > cxd in Eq. (p!0|), one first recovers the relation (01,[0]): 
FQml\N=oo = —{Aym + FqMq + . . .)|Ar=oo = —Xym 
whereas for x'(0) one obtains from Eq. (P) the additional relation^: 



+ 0( 



Af=oo ) 



(X'(0) - F^)\n=^ = {Bym + i^c + • • .)liv=oo = x'yA/(0)U= 



(9) 



(10) 



(12) 



Since Xym^.^) is 0(1) and Fq is 0{N), Eq. (^) requires x'(0) to be 0{N) and positive, in 
order that a cancellation takes place with Fq. On the other hand, a lattice calculation |T^, in 
agreement with a QCD sum rule analysis [jl2[, yields XymIO) < 0- Writing Eq. (|12D as: 
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one thus finds the second term on the right-hand side gives the 0{1/N) correction to the OZI 
limit relation x' iS^) / Fq\n=oq = 1, and indeed tends to suppress x'(0) with respect to Fq, since 
Xym{^) < 0- However, the correction appears numerically small (from Refs. fl^ and [|13] one 
gets —x'YMi^)/Fo — 0.1), which suggests that the OZI violations in x'{^)/Fq are probably 
small and that the large- iV expansion is reliable for this ratio. In the next section, I investigate 
whether the assumption that there are instead large OZI violations that strongly suppress the 
ratio FoZ-Fg at = 3 is phenomenologically viable. 

The results of this section suggest a simple model for the structure of xiq"^) at finite N in 
the presence of massless quarks, where it is written as the sum of the rj' pole contribution and 

^This relation was first discovered in Ref. where it was (interestingly) suggested by a QCD sum rule 

analysis of xfm(O). 

am indebted to G. Veneziano for stressing this point. 
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the Yang-Mills topological susceptibility: xil"^) = XYM{.<f) + Fq^^oI ij^o ~ l"^), and Xym{(i'^) is 
further approximated by dropping the glueballs contribution, and keeping only the subtraction 
terms, namely taking: 

We thus get: 

X{q') = Xym{0) + x'YMiO)q' + • (14) 

rriQ — 

The constraint x(0) = yields Xym{0) + F^ml = [cf. Eq. {^]. Since x'(0) = + XyM(O) 
[cf. Eq. (IT2D ], Eq. ([l^ then becomes, after eliminating 



ml: 



If XyAf(O) is dropped, i.e. if one assumes XYMil ) = XyM(O), one recovers an ansatz given in 
Ref. |]14|, which yields x'(0) = -^o! ^^e additional term Xym(O) accounts for the OZI violation 
in this model. 



3 Implication of a small Fq for J/^p 
77 decays 



(?7, r]')j and (77, rj'] 



An analysis |T5| oi rj — rj' mixing using the anomalous Ward identities does indicate that a 
large suppression of Fq/F^ is indeed possible at large mixing angles, and at least appears to 
favour a moderate suppression in this region (these results may, however, be changed by taking 
into account 0] the recently calculated [l^ O^m^) quark mass corrections at = oo). A 
large mixing angle is itself supported |jl5| by the data on {rj, rj') 77. However, even a 
modest suppression of Fq is in strong disagreement with the current standard model for 
J/ip ^ [rj^rj')'^. The argument (|]15[, [|T^) can be summarized as follows. From the octet e.m. 
anomaly sum rule (assuming rj — t]' saturation): 



Fsr,A{r] 77) + Fs^'A{7]' 



(16) 

using as input the exper- 



[where Fgp^p = 77,77') are the couplings to jj^^], one can extract Fg^/, 
imentally determined amplitudes |T^: A{r] 77) = (0.993 ± 0.030)F^^ and A{ri' 77) = 
(1.280±0.085)F~^, as well as the crucial perturbation theory estimate ||19|: F^^)/ Ft, = 1.3±0.05. 
As an indication, using F^j^/F^, = 1.25, one gets sin6' = —F^^/Fj, = 0.52, a rather large value. 

Furthermore, the singlet couplings Fop can be constrained with the J/tp —>■ [i],')]')'-/ decays. 
Indeed the current standard model p for the ratio T{J/ip — > ri''y)/T{J/ip — > 777) relates it to 
fn'/fri (where the /p's are the anomalous divergence couplings: {0\Q\p) = fpnip): 

r(J/V;^r/'7) (M'j/^ -^-^^^'^ 
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This gives, using [|T| T{J/i) -> r]'-i)/T{J/i) r]-f) = 5.0 ± 0.6 : i?exp = 0.81 ± 0.05. But fp 
can be expressed in terms of the corresponding axial vector couphngs Fip and the quark 



mass ratios /9/7 and 7 /a: 

F ~ F F ~ F 'y F 

F~FF~FaF 

where the /op's are the "naive divergence" couphngs, a = (2/3)(m„+mrf+4ms), P = (4/3)(m„ + 
nid + ms), 7 = — a/2(q; — and we have the estimates [|19] P/'j ~ 0.79 and 7/a ~ —0.67. I 
shah simply use the value (obtained by putting m„ = = 0): P/'j = 7/a = —1/^/2. Then 
one gets: 

r ^jw_ _ §_ E^nL L oin /9 

hi ^ 7 ^ v/2 QgN 

J'^ F^ a F^ ^2 F^ 

Assuming again Fg^/F^ = 1.25 and sin^^ = —F^^/F^ = 0.52 from the octet sum rule, and 

taking fri'/fri = -Rcxp — 0.81, Eq. (p!9|) then fixes Fq^ as a function of Fq^', and one finds 
that unrealistically small values of For, are required to fit -Rexp- For instance, assuming the 
moderately suppressed value F^r,' / Ft, = 0.90, Eq. (p!9|) gives For^/F.^ = —0.23, which violates. 



even in sign, the large- expectation ||T5[: Fq,, ~ — Fg,,/ ! Also, one still gets Fq^j = even 



for Fq^'/Ft, as large as 1.1. Clearly, the model of Eq. (^) is incompatible with any kind of 
suppression whatsoever of the singlet coupling Fq,,', given the large input values of the octet 
couplings Fg,, and — Fg,,/. Since the quark mass corrections that relate Fq,,/ to its chiral limit 
Fo are small (they have been estimated ||15| to be Fq,,/ ~ I.I6F0), this observation probably 



rules out the possibility that Fo/Fg ~ Fq/Fj, be substantially suppressed. In fact, for Fq^^/ F^, = 
0.50(~ -Fg,,//F^), Eq. ([l|) gives Fo,,//F^ = 1.49, hence Fq/F^ = 1.28, an enhancement ! On 
the other hand, the singlet e.m. sum rule (assuming again 77,77' saturation ): 

Fo,A{r] -> 77) + Forj'Airi' ^ 77) = 2^ (20) 

does favour a (moderate)!^ suppression of For,', e.g., if one again assumes Fo,,/F^ = 0.50, one 
deduces from Eq. ( pOf ) Fo,,//F^ ^ 0.89 (this suppression would not be sufficient anyway to 
explain the magnitude of G^''j„^). However, Eq. (|l^) then gives (taking the same values as 
above for Fg,, and Fgjj') R — 0.38, still a factor of 2 below -Rexp, in accordance with the previous 
remarks (this potential conflict between the singlet e.m. sum rule and -Rexp is further commented 
upon in the next section). 



^That is, too strong a suppression, such as the one needed to explain G^^\^^, is not favoured either by 



Eq. (20), which would then lead to values of Fq^ too large, typically Foti/Ft, ~ Fori'/Fj, ~ 0.7 ! 
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On gluonic contributions 



The smallness of G^^\^^ may alternatively be seen as the result of a cancellation between 
the rj' and the (glueball + continuum) contributions (I consider for simplicity the chiral limit, 
where the t] decouples from G^"*). This picture can be given a precise content by using the 
invariant definition of the singlet current (which removes [see also below] the inconsistencies 
with renormalization group invariance discussed in Refs. ||^ and I^H)- One can define, splitting 
out the T]' contribution [gr,'NN is the T^'-nucleon coupling): 

{^\d'jtlin.\NN) oc AS,„, ^ = F, g,,r,N + Ar,„„ , (21) 



where AF^^ represents the (glueball + continuum) contribution, and all quantities in Eq. (^T]) 
are renormalization group-invariant. It is then attractive to identify the "quark contribution" 
AS'j„j, to the nucleon spin with the i]' contribution^ Fq Qrj'NN, while ATi^v would represent the 
"gluon contribution" (|0-|]TT[). If Fq is indeed not suppressed, one might further assume, in 
the line of the latter references, that 

^'^'inv = -^0 gri'NN ~ {Fq gr)'NN)\oZI = G^a\oZI (22) 

and attribute the small value of G^^n^, to the effect of a substantial (negative) AFj^^, i.e. 

^A^inv — ^A\ozi ~^ ^^inv (it could also be that both Fq Qn'NN and ATinv are suppressed, in 
which case Fq Qjj'nn would still differ from AS^„^ by some additional, non-perturbative (p2|, 
[0) contributions, e.g. Fq Qjj'nn = '^^'mv ~ ^/^) Q- Such a proposal, which identifies AFj^^ to 
^aLd^-^o Qri'NN-, is complementary to the QCD-improved parton model approach of Refs. (0- 
[p!T|] ), which starts from the implicit assumption that it is possible to define a (perturbatively 
wise [^) unique physical gluon distribution, which could independently be measured in suitable 
hard processes. 

There is an interesting parallel with the situation for the (0|(9'^j^g^j„^|77) |g2=o matrix element: 
the above-mentioned conflict between the singlet e.m. sum rule (which favours a moderately 
suppressed Fq) and -Rgxp (which favours an unsuppressed, or even enhanced, Fq) may be resolved 
by assuming that Fq is indeed not suppressed. The resulting discrepancy in the singlet sum 
rule (where the rj and rj' contribution now by itself exceeds the right-hand side) can then 
be attributed to a substantial (negative) gluon-like contribution, as in the nucleon channel. 
Actually, considering the standard /i-dependent renormalization of the singlet current, Eq. 
(H), one may suspect that an independent subtraction constant Ao(/i) enters the sum rule, 
in addition to the glueball contribution, i.e. Eq. (^) should be replaced by: 

(0|5'^jl?(/i)|77)la-o « FQr,{^l)A{r^ ^ 77) 



■*In the presence of SU (3) breaking, one should also add the 77 contribution. 

^Alternatively one could have AI]^„„ — Fq g^^NN small, with gri'NN suppressed, as suggested by the Skyrme 
model ||. 
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+Fo,,(/x)A(V ^ 77) + [Fg{i^)A{G ^ 77) + ■ • •] 
+Ao(/x)=2J^. (23) 



The introduction of Ao(yu) appears necessary^ to resolve the conflict [21| between the multi- 



plicative renormalizability of all the singlet axial vector couplings in the left-hand side of Eq. 
(^31) , and the //-independence of the right-hand side (then, letting /i — > oo one recovers the 
equation written in terms of the invariant couplings, with Ao(/i) Ao,mt))- This Aq is also 
welcome to explain the conjectured existence of a sizeable discrepancy in the singlet sum rule 
with respect to the r], rj' saturation hypothesis, since the glueballs by themselves are expected 
to couple too weakly to the photons to be responsible for the entire discrepancy (Aq also recalls 
the necessary subtraction constant (0,||l5|) needed to cancel [see Eq. (|Tol)] the rj' contribution 
and implement the constraint xi'f = 0) = in the chiral limit of QCD; a subtraction constant 
has, however, no reason to be present in {<^\^^'i^^^\NN)). 

To conclude, the present analysis offers only scarce evidence for the suppression of x'(0) 
as implied by Eq. (^. Although x'(0)/Fq is indeed suppressed at next-to-leading order in 
the correction appears small, and of typical perturbative (in 1/A^) size. Furthermore, 
Fq itself does not seem to be suppressed on phenomenological grounds, compared with Fg 
(and may even turn out to be predicted enhanced at large sin^ once the O(m^) corrections 
are taken into account in the Ward identity analysis of 1] — rj' mixing ( [IHl , ) • Assuming 
that Fq is not suppressed, an intriguing picture of large (negative) gluon-like contributions to 
(0|9^'j{o)|iViV) 1,2=0, (0|a^jiJ|77)lg2=o and x(g' = 0) tentatively emerges. 
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